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ABSTRACT 
  
  
       The bagasse is a by product in Sugar cane factories. Most of Sugar 
cane factories use bagasse as a fuel in their boilers for raising steam 
which is used is driving their machinery and for processing.  
      Bagasses from the mills contain about 50 % of its mass as moisture 
which must be evaporated before combustion. Part of the energy released 
by burning the moist bagasse is lost in evaporating the moisture.  
     Of the flue gases are used in a dryer, a good portion of the energy lost 
is recovered. For this the research is directed for designing, 
manufacturing, erecting and testing a dryer to partially dry the bagasse.     
     The model was erected in the heat engine laboratory of the faculty of 
Engineering of the University of Khartoum. It is 60 x 60 x 225 cm.         
Exhaust gases of the Perkins Diesel Engine are used. The engine speed 
was adjusted to give the temperature of the flue gases as measured in 
Assalaya Sugar Cane Factory. The wet bagasse was fed through a hopper 
at the top of the dryer and hot gases are fed from the bottom i.e the flow 
is counter.  
      The moisture content of the used bagasse was evaluated before testing 
and after a study state was maintained a sample was used for reevaluation 
of the moisture content and the dryness calculated. 
     The achieved dryness is 75.24 %. The saving in bagasse is calculated 
and was found equal about 1.387 x 105 tonnes per year. The heat of this 
size of bagasse is equivalent the heat in 24966.889 tonnes of furnace and 
according to the present prices it is worth 9.4 million Sudanese pounds.                             
 
 
  
   
  
  ﻣﺴﺘﺨﻠﺺ 
  
ﻣﻌﻈﻢ ﻣﺼﺎﻧﻊ ﻗﺼﺐ اﻟﺴﻜﺮ ﺗﺴﺘﻌﻤﻞ . اﺣﺪ اﻟﻨﻮاﺗﺞ اﻟﺠﺎﻧﺒﻴﻪ ﻓﻰ ﻣﺼﺎﻧﻊ ﻗﺼﺐ اﻟﺴﻜﺮاﻟﺒﻘﺎس          
  .اﻟﺒﻘﺎس آﻮﻗﻮد ﻓﻰ ﻣﻮﻟﺪات اﻟﺒﺨﺎر اﻟﺘﻰ ﺗﺴﺘﻌﻤﻞ ﻓﻰ ﺗﺸﻐﻴﻞ اﻟﻤﺼﺎﻧﻊ وﻋﻤﻠﻴﺎت اﻧﺘﺎج اﻟﺴﻜﺮ
ﻣﻦ آﺘﻠﺘﻪ وهﺬا اﻟﻤﺎء ﻳﺠﺐ  % ٠۵رﻃﻮﺑﻪ   ﺒﻪ       اﻟﺒﻘﺎس اﻟﻨﺎﺗﺞ ﻣﻦ اﻟﻤﻌﺎﺻﺮ ﻳﺤﺘﻮى ﻋﻠﻰ ﻧﺴ
ﺟﺰء ﻣﻦ اﻟﻄﺎﻓﻪ اﻟﻤﺘﺤﺮرﻩ ﺑﻮاﺳﻄﺔ ﺣﺮق اﻟﺒﻘﺎس اﻟﻤﺒﺘﻞ ﺗﻔﻘﺪ ﻓﻰ ﺗﺒﺨﻴﺮ . ﺗﺒﺨﻴﺮﻩ ﻗﺒﻞ ان ﺗﺤﺘﺮق
  .اﻟﺮﻃﻮﺑﻪ
ﻟﻬﺬا ﻓﻘﺪ ’ ﻧﺴﻨﻪ ﻣﻌﺘﺒﺮﻩ ﻣﻦ اﻟﻄﺎﻗﻪ اﻟﻤﻔﻘﻮدﻩ ﻳﻤﻜﻦ اﻋﺎدﺗﻬﺎ ﺑﺎﺳﺘﺨﺪام ﻏﺎزات اﻟﻤﺪﺧﻨﻪ ﻓﻰ اﻟﻤﺠﻔﻒ
  . ﻣﺠﻔﻒ ﻟﻠﺘﺠﻔﻴﻒ اﻟﺠﺰﺋﻰ  ﻟﻠﺒﻘﺎسوﺟﻪ اﻟﺒﺤﺚ ﻟﺘﺼﻤﻴﻢ وﺗﺼﻨﻴﻊ وﺗﺮآﻴﺐ واﺧﺘﺒﺎر
 x٠٦x٠٦اﺑﻌﺎدﻩ .       اﻟﻨﻤﻮزج ﺛﺒﺖ ﻓﻰ ﻣﻌﻤﻞ اﻟﺤﺮارﻳﺎت ﻓﻰ آﻠﻴﺔ اﻟﻬﻨﺪﺳﺔ ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم
ﺿﺒﻄﺖ ﺳﺮﻋﺔ اﻟﻤﺎآﻴﻨﺔ . اﺳﺘﺨﺪﻣﺖ ﻏﺎزات اﻟﻌﺎدم ﻟﻤﺎآﻴﻨﺔ دﻳﺰﻳﻞ ﻣﻦ ﻧﻮع ﺑﻴﺮآﻴﻨﺰ . ﺳﻢ۵٢٢
ﺒﻘﺎس اﻟﺮﻃﺐ اﻟ. ﻟﺘﻌﻄﻰ درﺟﺔ ﺣﺮارة ﻏﺎزات اﻟﻌﺎدم ﻧﻔﺲ اﻟﺘﻰ ﻗﻴﺴﺖ ﻓﻰ  ﻣﺼﻨﻊ ﺳﻜﺮ ﻋﺴﻼﻳﻪ
 ﺑﻤﻌﻨﻰ ان ٫ﻏﺬى ﺧﻼل ﻗﻤﻊ ﻓﻰ أﻋﻠﻰ اﻟﻤﺠﻔﻒ ﺑﻴﻨﻤﺎ ﻏﺎزات اﻟﻌﺎدم  ﻣﺮرت ﻣﻦ اﺳﻔﻞ اﻟﻤﺠﻔﻒ
  .ﻣﺘﻌﺎآﺲ  اﻻﻧﺴﻴﺎب
وﺑﻌﺪ اﻟﺤﺼﻮل ﻋﻠﻰ ﺣﺎﻟﺔ ،        ﺗﻢ ﺗﻘﻴﻴﻢ ﻣﺤﺘﻮى اﻟﺮﻃﻮﺑﻪ ﻟﻠﺒﻘﺎس اﻟﻤﺴﺘﺨﺪم ﻗﺒﻞ إﺟﺮاء اﻻﺧﺘﺒﺎر
  .  ﻃﻮﺑﻪ وﺣﺴﺎب درﺟﺔ اﻟﺠﻔﺎفاﻻﺳﺘﻘﺮارﺗﻢ اﺧﺬ ﻋﻴﻨﻪ ﻣﻦ اﻟﺒﻘﺎس اﻟﻤﺴﺘﺨﺪم ﻻﻋﺎدة ﺗﻘﻴﻴﻢ ﻣﺤﺘﻮى اﻟﺮ
 ١ ٣٫ﺗﻢ ﺣﺴﺎب اﻟﺘﻮﻓﻴﺮ ﻓﻰ اﻟﺒﻘﺎس  ﻓﻮﺟﺪ % . ٤٢٫۵٧         درﺟﺔاﻟﺠﻔﺎف اﻟﻤﺘﺤﺼﻞ ﻋﻠﻴﻬﺎ هﻰ  
ﻃﻦ ﻣﻦ ٦٦٩٤٢اﻟﺤﺮارﻩ اﻟﻤﻮﺟﻮدﻩ ﻓﻰ هﺬا اﻟﺤﺠﻢ ﻣﻦ اﻟﺒﻘﺎس ﺗﻌﺎدل.  ﻃﻦ ﻓﻰ اﻟﺴﻨﻪ٥٠١*
  .ﻣﻠﻴﻮن ﺟﻨﻴﻪ ﺳﻮداﻧﻰ ٤٫٩ﺤﺎﻟﻴﻪ ﺗﺒﻠﻎ اﻟﺤﺮارﻩ اﻟﻤﻮﺟﻮدﻩ ﻓﻰ وﻗﻮد اﻟﻔﻴﺮﻧﺲ وﺗﺒﻌﺎ ﻟﻼﺳﻌﺎر اﻟ
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 NMENCLATURE 
  
Unit  Description                              Sym
bol   
Kj/kgK  Gross Calorific Value                                        G.C.
V     
Kj/KgK  Lower calorific Value                                           L 
C.V 
   
-  Molecular weight of the air            Ma  
Kg /sec  mass flow rate of the air                                      
am&  
Kg /sec  mass flow rate of bagasse                                      
bm&  
Kg /sec  mass rate of fuel consumed                                   
fm&  
Kg /sec  mass flow rate of exhaust gases                            
gm&  
Kg /sec  mass rate water vapour                                      
vm&  
N / m²  absolute pressure of the air at inlet to the orifice pabs  
N / m²  saturation pressure                                                 Psat  
N / m²  atmospheric pressure                                           Patm  
N / m²   total pressure                                    Pm  
N / m²  partial vapour  pressure                                       Pv  
J /Kg K  characteristic gas constant            R 
J /Kmol K  universal gas constant                                            R◦  
K   air absolute temperature                 Ta  
K  overall temperature difference                              ∆T  
K /w   total resistance to heat flow                                  RT  
Kg /m³  density of the air                            ρa  
Kg /m³  density of the gas                                                        ρ g  
Kg /m³  density of the water                            ρw  
m²  model cross-section area                        A  
m²  area of the orifice                                                   a◦  
m  diameter of the pipe                                                       Di  
m  diameter of the orifice                   d◦  
m /s²  acceleration due to gravity               g  
m  pressure head difference across the orifice         ∆H  
m  air pressure head difference                                          ∆Ha  
m  water pressure head difference                                      ∆Hw  
m  height of the dryer                         H  
KJ/Kg  enthalpy of evaporation                                       hfg  
 KJ/KgK specific heat of water                               Cpw 
KJ/KgK specific heat of dry bagasse                               Cpb 
watt heat transfer rate                                              Q 
w/mk heat conductivity factor                       K 
w/m²K convection heat transfer coefficient                     h 
m² surface area of the dryer         A 
m thickness of the material used                                         x 
%  bagasse moisture content                                                  W 
% dryness                                             λ 
KJ/Kg  enthalpy                                        h 
Kg   mass of water vapour                             
am&  
Kg/sec  mass flue  rate                                        
lgfm&
 
K  dew point temperature                         t d.p 
%  excess air                                             M 
  air fuel ratio                                    A/F 
% bagasse sucrose content S 
KJ/Kg  heigh calorific value of furnace oil           H.C.
V 
KJ/Kg  lower calorific value of furnace oil            L.C.
V 
K  dry bulb temperature                         td.b 
K wet bulb temperature                           t w.b 
 relative humidity                             Φ 
% specific humidity                             w′ 
N / m² saturation pressure                                                        Pg 
KJ/KgK net calorific value                                     N.C.
V 
 number of moles of water vapour in the mixture            nv 
 number moles of the mixture                                       nm 
KJ/KgK specific heat of gases                                                   Cpg 
K inlet temperature                               ti 
K out let temperature                                                         To 
m/s velocity                                                                          C 
   Kg/sec mass of the exhaust                                                  m˙Ex 
Kg/m³  average density a long the dryer                                      ρg 
- coefficient of friction                     µ 
◦ angle of the plate                                  ө 
Kg weight of bagasse particle                                                  W 
K temperature at outer surface of the isolator          t 
 m³/Kg volume                                               v 
% relative dryness                                           ωr  
m³/Kg volume of bagasse flow rate                                             v˙b 
kg weight  of the wet bagasse before admitted to the oven w1 
kg  Weight of the dried bagasse after from the oven  w2 
%  Moisture content   of the wet bagasse ω1 
kg Weight of the sample at out let of the dryer  w3 
kg Weight of the sample after remove from the oven W4 
% Moisture content   of the sample     ω2  
- Coefficient of disgarge   cd 
 
  
  
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
CHAPTER ONE 
 
INTORODUCTION 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
  
  
  
  
 1.1 General  Considerations 
    Nowadays, the problem facing most of the developing countries is how 
to minimize the dislocation caused by the increasing oil prices.                         
The continuous increase of the international prices of crude oil has 
weakened the world economy and its effects appear on all aspects of life 
.Truly, if the present rate of power production is maintained , the world 
fossil fuel resources , will be exhausted eventually. Therefore, it has 
become vital , for the present standard of life to continue to discover new 
resources of energy . 
    Despite the recent discoveries of oil and natural gases in Sudan, yet the 
energy crises will continue. It is known that means for developing the 
other forms of available energy are important and as one can see 
considerable research and development work is continuing. 
    One of the promising choices is to exploit renewable energy .In Sudan; 
solar energy can be used directly and indirectly. Since the Sun shines 
most of the year , solar energy could be produced continuously and could 
be used directly in a number of thermal applications e.g water and air 
heating, drying, distillation and cooking. 
   Indirectly the Sun causes the movement of air and winds are formed 
and a good portion of this energy could be extracted by wind mills. The 
everlasting supplies of water resources in Sudan like the Blue Nile and 
While Nile lead to establishment of hydro- electric power plants which 
are regarded as the cornerstone of developmental projects. Since Sudan is 
the richest country in Africa in animal's wealth , dung can be used for 
producing biogas. It is true to say that, renewable sources are used for 
industrial and agricultural purposes since a huge amount of biomass 
energy could be derived. As an example, all Sudanese Sugar Cane 
Factories are using bagasse  as a main fuel for generating the energy  
required in the sugar industry . 
     Although the bagasse is fed to boilers without further treatment after 
the cane mills .This bagasse contains 50% by weight moisture .  This 
moisture has to be evaporated before burning . This energy for 
evaporating the moisture is a part of the released energy which means a 
loss of energy. Table (1.1) shows the performance of the sugar factories 
for the seasons from [2002-2007]. 
If it is possible to save some of the energy used, in evaporating the 
moisture, a considerable saving is possible.  
    Several years ago , the mills efficiency decreased in the five Sudanese 
cane sugar factories , the amount of bagasse increased by 2.3% .This 
problem was solved partially by increasing the imbibitions water to 47% , 
but this resulted in  a higher moisture (about50%) and such a high  
percentage in connection with the size of the bagasse  used yearly and 
corresponding heat required to evaporate this moisture indicates the size 
of heat that could be used had the bagasse been supplied to the boiler in a 
dry form . 
  Here the energy to partially dry, wet bagasse could be extracted from 
the boiler flue gases.  
 
  
  
  
  
  
  
 
  
  
 Table (1.1) Performance of Sudanese Sugar factories for seasons [2002 -2007]  
  
Data collected from the five sugar factories in sudan  *  
  
  
  
  
  
  
  
  
  
  
  
  
 
Bagasse produced 
Tonns*105tonns 
/season 
Moisture % 
cane 
  
  
Bagasse % 
cane  
  
season 
  
Factory 
3.479 
4.194 
4.352 
4.229 
4.268 
50.92 
50.75 
50.31 
50.88 
50.36 
45.11 
46.26 
45.27 
44.38 
44.33 
2002-2003  
2003-2004 
2004-2005 
2005-2006 
2006-2007 
  
  
Assalaya 
  
  
3.620 
3.934 
3.556 
3.369 
3.974 
50.3 
50.93 
50.87 
50.82 
51.14 
44.16 
40.48 
41.34 
44.11 
43.93 
2002-2003  
2003-2004 
2004-2005 
2005-2006 
2006-2007  
  
 
El-Gnuied  
 
 
3.987 
4.075 
3.697 
3.788 
3.895 
50.09 
50.22 
50.87 
50.32 
50.72 
42.95 
45.60 
44.26 
42.37 
41.39 
2002-2003  
2003-2004 
2004-2005 
2005-2006 
2006-2007 
 
 
Sennar  
 
 
3.663 
4.430 
3.617 
3.812 
3.963 
50.74 
50.72 
51.03 
50.82 
50.91  
44.45 
44.43 
47.09 
44.79 
45.50 
2002-2003  
2003-2004 
2004-2005 
2005-2006 
2006-2007 
 
 
New. Halfa 
15.074 
14.783 
13.357 
12.577 
12.219 
 
50.02 
50.14 
50.72 
51.34 
51.83 
  
 
34.71 
34.47 
34.21 
33.17 
32.92 
2002-2003  
2003-2004 
2004-2005 
2005-2006 
2006-2007  
 
  
  
Kenana  
 1.2 Literature Review 
     Professor Kerr  was the first one that studied drying of the sugar cane 
bagasse using the exit gases of the boiler. The dryer ,made in steel ,was 
1.2 m  x 1.8 m cross section and 6 m height. It was in a countercurrent 
contact, equipped with deflectors to promote better gas-solid contact. The 
moisture content was reduced from 54.3% to 46.4% (w.b), rising the 
steam production[7].  
    During the fuel crisis, Furriness prepared a feasibility study of bagasse 
pre-drying with waste stack gases. He worked with three rotary-drump 
type dryers of maximum capacity to operate with existing boilers, based 
on flue gases temperature of 218 ºC.  These three dryers processed all the 
bagasse produced by a daily grinding rate of 8000 ton of cane and lower 
the moisture content from 54% to 46 % (w.b) , providing the gases had a 
temperature 218 ºC or more .The total world fuel oil consumption for 
1976 was 1.01 gal per ton of cane which compared with an average of 
1.62 during the previous two years , showed an average saving of 0.61 gal 
/ tonne of cane[7] . 
    Correia described the use of a pneumatic transport dryer and its 
advantages over the rotary in steam production of 16% by drying the 
bagasse from 52% to 40% moisture (w.b).After this Cruz Alta sugar cane 
industry got new installations in Olimpia City, Sao Paulo State, Brazil. 
Data used in the second part of this work were gotten at this industry and 
reported in Sanches Prieto et al and Sanchez Prieto and Nebra[7].  
    Salermo and Santana worked with a dryer composed of a fluidized bed, 
a pneumatic duct and a cyclone.  It is important to note that they used the 
cyclone to separate the phases.  This system worked with 10 ton / hour of 
47% moisture content (w.b) bagasse. Final moisture content was 
35%(w.b) and inlet gas temperature 250ºC [17]. 
       Mohammed Abd alla Idriss (1988), experiments were conducted at 
University of Khartoum, Faculty of Engineering used solar energy to dry 
wet bagasse , but his method needed a large surface area and long time 
,the weather was not constant at all seasons.  
     Mohammed .Abd alla.Idriss (1988) in his work used a Rotary Spiral 
dryer the moisture content from 50% to 20% (w.b).the optimum 
temperature of the flue gases was made 350ºc(as it was reorded at 
Assalaya ).                                                                                                      
    Abubakr Musaad Mohamed (1998), experiments were conducted at 
University of Khartoum ,Faculty of Engineering by using a vertical 
stationary dryer , the results of his work gave a dryness of 35% at the rate 
of 45 kg/hr .according to size of testing model .  
  
.3 Objectives of the Study  1 
   The objectives of this research are to : 
1. Manufacture and test a model of dryer . 
2 . Determine the dryness achieved by the designed rig .                                  
3. Estimate the saving in energy according to the dryness            
obtained .                                    
4.  Make an economical assessment for bagasse drying  .                                                       
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
   
  
  
  
  
  
  
  
 
 
 
 
 
 
 
CHAPTER TWO 
 
THEORETICAL BACKGROUND 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 2.1 Introduction  
       Bagasse is the fibrous residue of the cane stalk after crushing and 
extraction of the juice. It is used as fuel in sugar factories for generation 
of steam to produce the driving power and for processing[1]  
2.2 Characteristics of Bagasse 
2.2.1 Physical Composition  
       Bagasse consists of fibers, moisture and relatively small quantities of 
soluble solids. Its composition varies according to the variety of cane, its 
maturity, the method of harvesting and the efficiency of the milling plant 
[1]. 
      The average physical composition of unit mass of a mill run bagasse 
is: 
 Moisture                 50% 
 Fiber                       47.7% 
Soluble solids          2.3% 
      The average density of loosely packed bed of moist bagasse is 120 kg 
/m³ [1]. 
2.2.2 Chemical composition  
2.2.2.1 Gravametric Analysis of Wet Bagasse :- 
      Typical proximate and ultimate analyses of bagasse gave as indicated 
in Table (2.1) 
Table (2.1) Chemical Analysis Of Mill Wet Bagasse [1,2] 
   
 
 
 
 
The bagasse composition is shown in Table (2.2).     
         
Ultimate Analysis Proximate Analysis 
Carbon        : 23.7%     by weight Fixed carbon : 7.0%   by weight 
Hydrogen    : 3.0%            " Volatiles        : 42.5%        " 
Oxygen        : 22.8%            " Moisture        : 49%            " 
Moisture      : 49%                "   Aِsh   ε           : 1.5%            "  
Ash ε           :1.5%                "  
 Table (2.2) Cane Sugar bagasse composition  [3,4]  
Dried Wet  
35.0% 50% Moisture 
2.6% 2% Sugar 
2.6% 2% Impurities 
59.8% 46% Fiber 
10572 kj/kg 7536.6 kj/kg N.C.V 
 
 
2.2.2.2 Gravametric Analysis Of Dry Bagasse  
  
    The average gravimetric analysis of dry bagasse is given in Table (2.3) 
Table (2.3) Chemical Analysis Of Dry Bagasse [1,2,3] 
Aِsh Oxygen Hydrogen Carbon 
2.5 % 44 % 6.5 % 47 % 
 
2.2.3 Calorific Value of Bagasse 
 1. The gross calorific value (G.C.V) of the bagasse is the maximum heat 
energy released from the combustion of a unit mass of bagasse (taken at 
specific temperature and pressure) , in standard Bomb Calorimeter , with 
combustion products reduced to initial temperature and the water vapour 
formed condensed . 
2. The low calorific value (L.C.V) of the bagasse is the heat energy 
released from the combustion of a unit mass of bagasse (taken at specific 
temperature and pressure) , with the water vapour formed from 
combustion existing entirely in the vapour phase . 
i.e   L.C.V = H.C.V   -  ms * hfg       kj/kg           ……….(2.1) 
     Many formulae have been proposed to determine the calorific value of 
bagasse . A new formula is being proposed by South Africa to take into 
account the significant influence of ash [1,2] :  
The net calorific value =18309 - 31.1 S - 207.3 w - 196.1A     kj/kg...(2.2)  
Where : 
  S = Soluble solids 
 w  = moisture content   
 A = Ash  
     The average calorific values of bagasse can be taken as:  
Gross calorific value  = 9790   kj/kg .    
Net calorific value     = 8033    kj/kg. 
     The fuel substitutes for bagasse are generally fuel oil or coal , natural 
gas and more rarely wood . The calorific value of these subtitles are given 
in Table (2.4). 
Table (2.4) Calorific Value of Various Fuels [1,2] 
          
       Hence , as a first approximation , one  can say that one tonne of run 
mill bagasse (49% moisture) is equivalent as fuel to [1]: 
0.18    tonnes of oil . 
0.28    tonnes of bituminous coal . 
0.15    tonnes of natural gas . 
0.55    tonnes of wood (air-dried -15% moisture). 
   Generally , for conditions obtainable in cane sugar factories , it  is safe 
to assume that one tonne of mill run bagasse  can generate 2
4
1 tonnes of 
steam . This figure will obviously vary according to the total heat of steam 
generated , the efficiency of the boiler and  the percentage of moisture in 
bagasse [1].  
2.3  Bagasse Drying  
 
       The cane sugar bagasse leaving the last mill has an average moisture of 
50% , the percentage moisture removed depends on the temperature of  
Net  Calorific Value   
kj/kg 
Gross Calorific Value  
kj/kg 
Type of fuel 
38911 41840          Fuel oil 
27196 28033 Bituminous coal 
46861 51254          Natural gas 
11715 13493         Wood green 
        (30% moisture) 
15062 16694 Wood air-dried               
(15%moisture ) 
 hot gases at inlet to the dryer and the dew point temperature at exit of the 
dryer . 
    The result of using flue gases for drying wet bagasse in different 
factories  produce  sugar cane using flue gases for drying wet bagasse , 
the reduction  of  moisture of  bagasse from about 50% to round about 
35% .  
     The main advantages of using dry bagasse are : 
1- Increase of the Gross Calorific Value and the Net Calorific Value 
when the bagasse is dried from 50% of moisture to 40% and 35%. Table 
(2.5) showns that. 
Table(2.5) G.C.V and N.C.V according to the bagasse moisture [4,5]   
N.C.V (increase) N.C.V   (kj /kg) G.C.V  (kj /kg) Moisture 
0.0 7536.6 9504.5 50% 
27.8% 9630 11430.5 40% 
40.3% 10572 12393.5 35% 
  
2- The bagasse drying decreases its moisture from 50% to 40% increases 
the steam production per kg of burnt bagasse by about 15.35% .with the 
decrease of moisture from 50% to 35% the increases in steam production 
is about 20% [4] 
3- Increase in the furnace temperature to about 20.5% and 30% as seen in 
Table (2.6). 
 
Table(2.6) Combustion Temperature in Bagasse  Furnaces.[4,5]   
M=1.2 M=1.3 M= 1.5 Moisture 
1280 ºc 1120 ºc 1040  ºc 50% 
1300 ºc 1254 ºc 1165   ºc 40% 
1350 ºc 1280 ºc 1210   ºc 35% 
    
Where : 
M = Air fuel ratio  
 
4- Increase in the speed of combustion and absorption of heat in the 
water walls of the boiler [5]. 
 5- Pollution decreases due to decrease in volume of the flue gases and the 
lower quantity of the solids unburnt dry bagasse as seen in Table (2.7).  
Table (2.7) Volume of flue gases   (m³/kg)  of bagasse[5] 
M=1.2 
T=220 ºc 
M=1.3 
T=220 ºc 
M=1.5 
T=220 ºc 
Moisture w% 
 
 6.95 7.75 50%              1 
 
7.41 
6.17 
7.89 
6.57 
8.87 
7.39 
40%              1 
0.833 
7.84 
6.04 
8.36 
6.44 
9.41 
7.24 
35%              1 
0.77 
 
6.Reduction of the losses due to incomplete combustion , because the 
dried bagasse burns leaving almost no residues , (this means an increase 
in the burning efficiency) [6]  
7. Decrease in the excess air necessary for combustion from 60% and 
50% to 20% [6] 
2.4 Drying Methods 
 
     Drying of bagasse is simply a heat exchanging process between the 
heating medium and the heated wet bagasse to remove part or all the 
moisture in it before subjecting it to burning. The rate of drying depends 
on the substance to be dried, size of particles, amount of moisture to be 
removed and the dryer boundaries subjecting the substance to the heating 
medium. Heat may be abstained from hot air, solar energy, hot waste 
water and flue gases or hot gases. 
2.4.1 The boiler flue gases as a heat source 
     The thermal energy in the flue gases is considerable and its   
temperature is relatively high. Usually economizers and air pre- heaters 
are placed in the path of these gases to extract part of this thermal energy. 
Also, part of this remaining energy could be utilized in drying the bagasse 
provided that its temperature does  not fall below the  dew point 
temperature (td.p) [2,3] . 
 2.5 Types of Bagasse dryers  
     Most bagasse dryers are of the continuous drying type and these 
embody convective heat transfer processes.  
2.5.1 Vertical Stationary Bagasse dryer 
     This consists of a rectangular duct which contains perforated baffle 
plates. The supplied wet bagasse is fed to the top of the rectangular duct 
and the heating flue gas is fed near the dryer base. In a counter flow 
process. The dryer is cabable of producing an average of 26.6% 
decrease in the initial bagasse moisture [7]  
2.5.2   Rotary Dryer  
 
     All dryers of this kind use the same principle of single or multiple 
passages of hot gases in parallel with the bagasse to be dried inside of a 
rotary drum . this system is similar to the one used to dry sugar . The 
dried bagasse is then separated from the wet gas in a large diameter 
cyclone .These dryers are big , have a low efficiency , occupy large 
spaces and impose complex manufacturing process . They also need the 
installation of a conveyor belt to take out the dried bagasse to the boilers 
[8, 9]. 
     Figure (2.1) shows a direct - heated counter-current rotary dryer. Air is 
admitted to the right–hand end and passes first over banks of tubes (A) 
heated by steam. It then passes to stationary breeching (B), which is 
connected to the rotating dryer shell (C) by a flexible seal (D) . This is 
shown in detail on a smaller section. A ring (E) is welded to the shell, and 
a rig of brake linig (F), rotating with the shell, is passed against the face 
of the stationary housing by springs as shown.  
     The rotating shell carries forged tires (G) that ride on rolls (H). Thrust 
rolls (J) prevent endwise travel the shell. The shell is driven by gear (K), 
usually driven through some form of speed-reducing and speed-regulating 
 device (L). The speed of rotation is only a few rpm at most. A stationary 
breeching (M) at the feed end rides on the shell through anther rotary seal 
and through it passes the feed chute (N). To the feed housing is attached a 
fan (P) that produces the draft through the dryer and usually disgorges to 
the some form of dust separator or dust filter.  
     Inside the dryer longitudinal flights (Q) that lift the material and 
shower it down through the air .Various complicated arrangement of 
flights and baffles have been used, but the arrangement shown in fig (2.1) 
is fairly standard. Dried product leaves by conveyor (R).      
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (2.1) direct - heated counter-current rotary dryer 
 
Where:-  
A = air heater , B = stationary breeching , C = dryer shell , D = seal ring , 
E = seal support , F= sealing member , G = tires , H= supporting rolls , J 
= thrust rolls , K = drive gear , L = motor and speed reducer , M = air 
discharge hood , N = feed chute , P = discharge fan , Q = flights .   
   2.5.3 Rotary dryer, using the boiler flue gases 
     This is the second common type of bagasse dryer. It consists mainly of 
a rotary drum, inlet and outlet bagasse accessories, inlet boiler flue gases 
duct and the dryer. It results in a high heat recovery of the boiler flue 
gases. It has an average moisture reduction of 15% to 17 % [9, 10]. 
Figures (2.2) and (2.3) shown the rotary drum dryers.              
2.5.3 Column Dryer 
     It is a more efficient dryer than the rotary one since this utilize drying 
columns where the bagasse is raised by stream of hot gases and the dried 
bagasse is separated from the wet by one or two cyclones. 
     This kind of dryer also needs the installation of convey or for wet and 
dry bagasse to the dryer and out to the boiler summing up, the drying of 
the bagasse after crushing is made individual in each furnace.   The hot 
gases are sucked before or after the air pre heated and forced by an 
auxiliary fan to the front side of the boiler by underground or over head 
duct. 
    The wet bagasse falls down by gravity from the normal bagasse 
conveyor passing through a feeder that blocks the inlet of air instead of 
passing to the spreaders, the bagasse is diverted by a by-pass to the 
bagasse blending chamber with hot gases. The bagasse half spread is then 
sucked by an auxiliary fan that raises the mixture through the dryer 
columns to the cyclone where the wet gases are separated from the dried 
bagasse. 
    The wet gases are directed towards the chimney through large diameter 
ducts at average temperature of about 105 ºC. The dried bagasse falls 
down by gravity into the cyclone and falls down, by air locker through 
the spreaders and feeding the furnace. This type of dryer utilizes only 
60% of the total gases to dry the bagasse, the remaining 40% of the hot 
gases are used in the air heater to increase the temperature of incoming 
 air , so the final temperature of flue gases is about 135ºc .This kind of 
dryer , can be mounted in front of the boiler and is individual for each 
furnace , so it does  not need the installation of any conveyor to bring and 
to take away the bagasse from the dryer . The operation of this dryer is by 
the same personal [10] 
2.6 Combustion of Bagasse  
2.6.1 Combustion of dry Bagasse without excess air  
    The combustible elements in bagasse are carbon and hydrogen  
In burning they give [11]:  
heatNaOcHbCONaaOOHC +++→++++ 2222222 21
79
21
79
32
44.0
2
065.0
12
47.0                           
…… ..…(2.3)       
    The chemical analysis of dry bagasse in table (2.2) can be used to 
estimate the necessary quantity of air for complete combustion of bagasse 
as follows [11]  
Oxygen (O2)  
 
    In order to burn 1kg of dry bagasse , require : 
For C ,   0.47 kg * 2.67                  = 1.253     kg O2  
For H2 , 0.065 kg * 8                      =  0.520    kg O2 
Or total of                                      =  1.773    kg O2 
But the bagasse already contains   =    0.44    kg O2 
Hence the air must supply             =   1.333   kg O2 
Nitrogen(N2) 
    The air fuel ratio (air/fuel) =79/21 by volume , 23.3/76.7 by weight  
this oxygen brings with it : 
2388.43.23
7.76*333.1 kgN=                    ………….(2.4)     
 hence the total mass of air required is 5.711  kg  
 the theoretical O2 required for complete combustion equal to 1.333 kg/kg 
of dry bagasse , the total mass of air equal 5.711 kg/kg of dry bagasse , 
and the quantity of water vapour formed is : 0.065 + 0.520 =  0.585 kg 
water vapour [11].   
2.6.2 Combustion Of Wet Bagasse With excess Air  
    It is not possible in practice to burn a fuel by supplying only the 
quantity of air theoratically necessary , combustion would be slow and 
incomplete . In order to obtain complete combustion , it is  necessary to 
supply excess air  
   Using the chemical analysis of table (2.2) and substituting in equation 
(2.3)   per kg of dry bagasse . 
Carbon balance        b = 0.0392  
Hydrogen balance    c = 0.032 
Oxygen balance       0.0138 + a = b + 1/2 c   ,  a = 0.0414  
   2.7 Use Of Bagasse As Fuel 
 
    All Sugar Factories use the bagasse as a fuel for produce of        
mechanical power  to drive the mills .  
   The bagasse is used directly as solid fuels e.g  charcoal and as an 
indirectlly gaseous fuel eg methane , and methanol , it also used  for 
domestic heating and low temperature heating purposes [11].  
2.8 Technical Data of boilers for Assalaya Cane Sugar Factory 
 
     The need of guiding data for analysis and because of the readiness of 
information Assalaya was taken as a prototype .The following is a 
collection of the design data for the boilers of this factory. 
2.8.1 Air, Flue Gas And Water vapour Through The Boiler of 
Assalaya Cane Sugar Factory:- 
   Air of combustion is supplied to each boiler by a forced draft fan 
(F.D.F) An auxiliary secondary air-fan (S.A.F), supply the extra amount 
 of air for bagasse firing .An induced draft fan (I.D.F) is used to force the 
flue gases through the chimney. The maximum flow rate of air and flue 
gases per boiler, from the design technical data is : 
Mass flow rate of air through the   (F.D.F)         = 24.29 kg /sec 
Mass flow rate of air through the   (S.A.F)         = 03.70 kg /sec  
Mass flow rate of gas through the (I.D.F)          = 36.80  kg / sec 
2.8.2 Water vapour flow through the boiler  
   The water vapour leaving the boilers enter from three sources:- 
 1- From the atmosphere with the incoming air. 
 2- From the fuel due to the chemical reaction between hydrogen and   
oxygen. 
3- Moisture in the bagasse entering the boiler. 
2.8.2.1    Size of water vapour with the incoming air 
      Although the water vapour in the air varies continuously during the 
day, yet to estimate the size of energy picked by this vapour while 
passing through the boiler, an estimation of its size had to be made. 
    The following observations were recorded:- 
Dry bulb temperature   (td.b)         = 35 ºc 
Wet bulb temperature (tw.b)          = 23 ºc  
Atmosphere Pressure                  = 1.01 bar       
    The psychometric chart yields: 
Relative humidity (Φ)         = 34% 
Specific humidity (ώ)      = 0.0126 kg of vapour / kg of dry air.                       
From the table of properties of water vapour yields:  
The saturation pressure at 35 º C, pg =0.05626 bar 
The partial water vapour pressure of the incoming air  
Pv   = Φ * pg     = 0.34 *0.05626   = 0.01913 bar    
    The mass of the constituents in the products are  given as kg of the gas 
or vapour per kg of wet bagasse 
  From appendix (1) the mill run bagasse consumption per boiler ( bm& ) is 
6.86 kg /sec at 50% moisture, the dry air required calculated as [11]: 
( )Mwm a −=• 1721.5 ………….. (2.5)  
m& a = [5.721*(1-0.5)*1.3]* 6.86 = 25.51 kg / sec  
From which the water vapour incoming with air  
= 25.51*0.0126 = 0.3343 kg water vapour / sec 
With the inlet enthalpy (h) = 2565 kj / kg water vapour 
2.8.2.2 Mass of water vapour formed, from the combustion of the mill 
run bagasse 
     To calculate the mass of water vapour formed from the combustion 
using the blow equation  
m& ( ) ]1585.0[
,2
ww
WVOH
+−=                     ………..(2.6)  m& w.v 
= [0.585(1-0.5)+0.5]* 6.86 =  5.437 kg / sec 
The total water vapour leaving each boiler per sec   
 = 0.3342 +5.437= 5.7139 kg / sec                 =      [17.7%] 
     And therefore the removal of 40% of the moisture of the bagasse 
before admitting the bagasse to the boilers, means the removal of  
 0.5 * 6.86 * 0.4 = 1.3171 kg of water / sec per boiler  
 = 23% of the total evaporation in the boiler. 
2.8.3 Flue gases through the boiler  
    The analysis of the boiler flue gases as follows: 
Water vapour flow through the boiler, it calculated above by using 
equation (2.6).  
Product of combustion [Co2 , N2 , O2[ecsess] ]  calculated as : 
 m& C )]1(725.1[2 wO −=                           ... …………… (2.7) 
 m& Co2 = [1.725(1- 0.5)] * 6.86 = 5.9167 kg /sec          =      [18.3%]  
m& ( ) ]1388.4[
2
MwN −=                      …….………… (2.8) 
m& N2 = [4.388(1- 0.5)* 1.3] *6.86 = 19.566 kg /sec         =     [60.5%]   
m& )1)(1(33.1
2
−−= MwexcessO        ……………….(2.9) 
m& O2excess = [1.33(1- 0.5)(1.3 -1) ] * 6.86 = 1.369 kg /sec =  [24.4%] 
Total  m&  flue gas =   32.2887 kg / sec                                    =   [ 100 %  ] 
The dry flue gases (m& dry flue gas ) calculated as: 
m& Dry flue gases =m&  flue gases - m&  wv              …….............(2.10)  = [2,3,14]  
m&
Dry flue gases = 32.2887 - 5.7139 = 26.5748 kg /sec         =        [82.3%] 
Using the Dalton law's of mixtures to estimate the partial pressure and the 
properties of flue gases.    
From Dalton law's of mixtures [12]     
∑=
i
i
m M
X
M
1
                        ……………..(2.11) 
Where : 
Mm = total molecular weight of mixture  
Xi  = mass fraction  
Mi =  partial molecular weight 
03652.0
32
0424.0
28
6049.0
28
1829.0
18
1698.01 =+++=
Mm
 
 Mm = 27.382 
The partial pressure of water vapour of flue gases calculated as: 
v
m
imv M
Mxpp **=                ……..…… (2.12) 
Where: 
 =vp  Partial pressure of water vapour 
mp = total pressure of mixture  
vM   = molecular weight of water vapour  
=vp  2676.018
382.27*1698.0*036.1 =    bar 
Using the value of partial pressure of water vapour and flue gas 
temperature, td.b  to calculate the other properties of flue gases  
From table at a flue gas temperature  td.b  =  250 ºc , the water vapour 
enthalpy (h)  =  2974 kj / kg , hf = 147 kj /kg ,  Pg= 40bar and ts= 66.5ºc 
The relative humidity of flue gases (Φ ) calculated as  
%669.0
40
26767.0 ===Φ
g
v
p
p
  
And the average of specific heat of flue gases (  fluegasesPC / )  
  kgkkjCXC piiP fluegases /205.1/ == ∑   ………..(2.13) 
2.8.4 Effect of removing 40% of the boiler supply bagasse moisture  
      Mass water equivalent to 40% initial moisture of the supply bagasse  
= 6.86* 0.5*0.4 = 1.372 kg /s 
Energy required to evaporate this mass of water = 
 m&  w. v * ( h - hf)                                      …………..(2.14)              
= 1.3172(2974 – 147) = 3723 kj /sec           
This energy is supplied by combusting bagasse of moisture 50% and 
L.C.V of 7679.12 kj/kg wet bagasse, (using equation (2.2) for L.C.V). 
The mass of bagasse required to be burnt to provide this 
energy =
VofbagsseCL
hh
m fvw ..
)(
.
−
………….(2.15) 
=
12.7679
1472974*3172.1 − = 0.489 Kg wet bagasse / sec 
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 3.1 General 
     This chapter involves developing and manufacture of a model of a 
vertical Stationary dryer to partially dry bagasse, simulate by the 
exhaust gases of a diesel Perkins engine. 
     The bagasse drying technique applied in this study is based on data 
obtained from Assalaya Cane Sugar factory. 
The reason for using a Stationary dryer is that, it has the following 
advantages:- 
Absence of moving parts. 
Simple in design   and fabrication. 
Least space. 
Actual levels of the conveyor belts used in Sugar Cane Factories. 
 
3.2 Design Data 
 
The performance of the bagasse dryer depends on:- 
Size of the flue gases available from the boilers. 
The bagasse to be processed. 
Temperature of the flue gases. 
The possible temperature drop in the dryer. 
The moisture content of the bagasse. 
The degree of dryness required. 
    The main goal is to obtain the required rate of bagasse at the 
required degree of dryness and that depends on the degree of contact 
between the wet bagasse and the hot gases and the length of time these 
are in contact these factors decide the height of dryer. 
3.2.1   Height of the dryer  
  
    The height of the dryer is decided by the required rate of the heat 
transfer from the hot gases to the wet bagasse, the flue gases 
 temperature at the exit from the dryer which must be above the 
saturation temperature corresponding to the partial pressure of water 
vapour. 
    Also one has to take into account the loss of heat to the 
surroundings which is function of the out side surface area of the dryer 
and ambient temperature. The height of the dryer was found of 2.25m.   
3.2.2 Minimum temperature from the dryer 
  
    The hot gases used in the experimental work were obtained by 
adjusting the speed and load of the Perkins Diesel Engine  to the speed 
which gives exhaust temperature about 300 ºC at a pressure slightly 
higher than the atmospheric pressure (because of  the losses in the 
exhaust pipe leading the hot gases to the rig ) .  
    The pressure of the hot gases is the sum of the partial pressures of 
the individual gases in the mixture. When the hot gases mix with the 
wet bagasse, heat is transferred from the hot gases to the wet bagasse 
and water vapour is formed this leads to the increase of the number of 
moles of water vapour in the flue gases and increase in its partial 
pressure .The total number of moles of the water vapour could be 
evaluated by assuming dryness for the bagasse say (60%) of moisture 
of wet bagasse. 
    The gas oil has chemical formula C16H34 and for staichiometiric 
mixture with air: 
 
    222223416 21
79*5.241716
21
79*5.245.24 NOHCONOHC ++→++  
                                                                                         …….(3.1) 
226kg C16H34 + 784kg O2+2580.67 kg N2 → 704kg CO2 +306 kg H2O 
+2580.67kg N2 
 1kg C16H34+ 3.46 kg O2+ 11.42 kgN2 → 3.12 kg CO2 + 1.35kg H2O+ 
11.42kg N2 
 
3.3 Estimation of the flow rate of hot gases 
 
     New arrangements had to be made for measuring the air flow rate 
to engine and the rate of fuel consumption. 
    To measure the air flow to the engine, an orifice 38 mm diameter is 
fitted in a pipe 76.2 mm diameter leading the air from the air filter to 
the engine. Water in tube differential manometer is used across the 
orifice to measure, the difference in pressure. 
     A surge tank is also fitted downstream the orifice to damp any 
vibrations in the air due to opening and closing of the engine valves .   
The rate of hot gases supply to the dryer is the sum of the mass rate of 
the air and the mass rate of fuel supply to the engine. 
Specification of the Perkins Diesel Engine:- 
 
- Type                                                            Perkins 
- Engine Number                                             10848 
- Bore                                                             79.74 mm 
- Swept volume                                               1760 c.c 
- Stroke                                                           88.9 mm 
- Compression ratio                                         22:1 
- Maximum power output                                 36 hp 
- Maximum speed of the wheel                         3000 rpm 
- Fuel used is commercial diesel oil                   C16 H34 
- The dry exhaust gas analysis is of the order of; 
  CO2 = 13.2 %   ,   O2 = 3.2 %,   N2 = 81.8%   ,   CO= 1.8 %  
- The density of exhaust gas is about 1.24 Kg/m³ 
- Mean specific heat (C′p) of the exhaust at constant pressure =1.13 kj 
/kgK 
 3.3.1 Measurement of the Air flow to the Engine and Fuel 
Consumption: 
    The flue gas temperature in Assalaya factory was found to be about 
300 ºC. The speed of the diesel engine had to be adjusted to give 
almost the same exhaust gas temperature, a speed of 2125 rpm 
satisfied this requirement. 
The mass of the exhaust gases from the engine had to be accepted, and 
the mass flow rate of bagasse had to be adjusted accordingly. 
A number of experiments were worked to determine the mass of air 
flow rate (m& a) at 2125 r.p.m, and the mass flow rate of fuel consumed 
by the engine (m& f). 
At machine speed of 2125 rpm the following observation were made  
Ambient temperature = 30ºC 
∆hw      = 0.47 m 
Pabs      = 96.7 KN / m2 
Mass flow rate of fuel consumed (m& f) = 0.00055 kg/sec  
∆ t w      = 31 ºC 
m&  w      =0.3 kg/sec 
The weight of water vapour produced from combustion is estimated 
as:  
1kg C16H34 produces 1.35 kg H2O 
0.00055kg C16H34 produced 0.0007425 kg of water vapour 
Number of moles of water vapour = 0.0007425/18 = 0.000041 moles 
of water vapour. 
The number of moles in the products of combustion is estimated as:  
 nc =  m& f  ∑ MiXi                                                      …………(3.2) 
Where: 
 nc = Number of moles in the products of combustion 
Xi   = mass fraction of the individual products of combustion 
Mi = molecular weight of the individual products of combustion 
m& f = mass flow rate of fuel consumed by the engine.  
 nc moles0003045.028
42.11
18
35.1
44
12.3*00055.0 =⎥⎦
⎤⎢⎣
⎡ ++=  
Mass of the air flow rate (m& a) is given by  
Assumptions:- 
- The velocity of the air is uniform and parallel over the x-section. 
- Steady air is ideal  
- Adiabatic flow. 
- The pressure (P1) is read at Section (1) before the orifice and ( P2) is 
read at section (2) at the vena –contract .  
Applying Bernoulli's equation for adiabatic flow:   
g
C
g
p
g
C
g
P
22
2
2
21
2
1 +=+ ρρ                                              .…… (3.3) 
For adiabatic flow  γγ ρρ 2
2
1
1 PP =                                         ……. (3.4) 
γρρ
1
12 r=     ,  r =
1
2
P
P
                                                          ……(3.5) 
wwatomabs hgpP ∆−= ρ                                                    …….. (3.6) 
State equation   
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 By substituting in above equations to calculate the mass flow rate of 
air (m& a). 
967.047.0*81.9*1001325.1 32 =−=P  bar 
kgKkjR /6.287
28.28
8134 ==  
 r = 954.001325.1
967.0 =   
303*6.287
10*01325.1 5
1 =ρ  = 1.163 kg / 3m     
The mass flow rate of air = 
( ) ⎟⎟⎠
⎞
⎜⎜⎝
⎛ −⎟⎠
⎞⎜⎝
⎛ ⎟⎠⎞⎜⎝⎛ 4.1 4.04.12
32
954.01954.0*
163.1
10*01325.1*
4.0
4.12*6.0*
4
038.0*163.1 π
           = 0.069 kg/sec 
The mass of the exhaust (m& Ex  ) =  
 mass of air used by the engine + the mass of gas oil consumed 
m& Ex   = m& a+ m& f                                          …………..(3.10) 
m& Ex = 0.069 + 0.00055= 0.06955 kg /sec                   
 rate of volume of exhaust gases ν˙ Ex =  m& Ex /ρ Ex =0.06955/1.24   
 = 0.056 m ³/sec 
3.4The bagasse flow rate through the dryer 
 
b ) =m&Bagasse flow rate (  
temperature drop* specific heat of gases * Mass flow rate of exhaust gases to dryer  
Heat required to form 1 kg of vapour  
                                                                                             ….(3.11)  
 
 
 Bagasse flow rate =  
 
0193.0
6.0*5.0*7.2256
)120286(*13.1*06955.0 =− kg/sec 
 
Number of moles water vapour in bagasse  = 
  
 dryness required* moisture content *  used Bagasse flow rate
                Molecular weight of water 
                                                                                      .......(3.12)  
                                                            
moles of water vapour 00032.018
6.0*5.0*0193.0 ==  
Total number of moles of the mixture = number of moles of water 
vapour from the bagasse + Total number of moles in the products of 
combustion =  0.00032 + 0.0003045  = 0.000626 moles   
m
v
m
V
n
n
P
P =                                                     ……….(3.13) 
Where:- 
 Pv = partial pressure of the water vapour  
 Pm =Total pressure of the mixture = 1.013 bar    
 nv = number of moles of water vapour in the mixture =0.000041 moles  
 nm = number of moles of the mixture =0.000626 
  barpv 066.0013.1*000626.0
000041.0 ==        
      From steam table the saturation temperature corresponding to 
vapour partial pressure of 0.066 bar is about 37.83 ºC . The outlet 
temperature is obtained by using the balance equation 
m& g Cpg ( ti - to ) = m&  w .v hfg                                      ……….(3.14) 
hfg from  steam tables corresponding to 0.066 bar is 2411.68  kj /kg  
0.06955 *1.13 (286 – to) = 0.0193*0.5 * 0.6*2411.68, to = 108.33 ºC     
The temperature of the flue gases at outlet of dryer is about108.33 ºC  
    
 3.5 Model Cross section dimensions  
 Main parameter of design:- 
1- Mass flow rate of exhaust gases through the dryer=0.06955kg /sec  
2 - Bagasse flow rate supply to the dryer = 0.0193kg /sec  
3 - Temperature of hot gases at inlet to dryer = 286 ºC 
Assumptions: 
1 - The cross-section area is based on the size of exhaust gases.  
2 - About 60% of the moisture of the bagasse to be removed. 
3 - The average density is used in calculations. 
m& = ρEx* C g * A c                                                    ….…….. (3.15) 
m&  = average mass flow rate of the gases in the dryer  
 2
v
Ex
mmm
&&& +=                                                ………….(3.16) 
 Exm&  = exhaust gases mass flow rate   = 0.06955kg /sec 
 vm&  = rate of water vapour formed  
  = bagasse flow rate * bagasse moisture content * dryness required    
  = 0.0193*0.5 *0.6 = 0.00579 kg /sec 
 m&  = 0.06955 + 0.00579 /2  =  0.0724 kg /sec 
 ρg = average density a long the dryer  
 
                                                ..........(3.17)2
ExoExi
g
ρρρ +=   
RT
P iEx
iEx =ρ                                                           …….(3.18) 
Where:- 
 ρExi = density of the exhaust gases at inlet the dryer . 
  pEx i  = pressure of exhaust at inlet of the dryer  = 1.013 bar  
 Ti = Temperature of the exhaust gases at inlet the dryer =559 K  
Using the low's of the mixture  
∑∑ ==
i
i
o
i
i mM
mR
m
mRR                                    .……….(3.19) 
Gravimetric analysis of the exhaust gases gave : 
CO2 = 13.2 % , O 2 = 3.2%  , N2 = 81.8%   , CO = 1.87 % 
KgKjR /49.281
28
0187.0
28
1818.0
32
032.0
44
132.08314 =⎥⎦
⎤⎢⎣
⎡ +++=  
69.0
559*49.281
10*013.1 5 ==Exiρ kg/m³ 
g
ExiT
Exo m
m ρρ *
.
=                                             ……..(3.20) 
 ρg◦ = density of the gases flow rate at outlet the dryer  
m& T     = m& g + vm&                                                         ……….(3.21)                
m& T     = Total mass rate of the flue  gases         
 = 0.06955+0.00759= 0.07534 kg /sec 
3/34.1
06955.0
0753.0*69.0 mKggo ==ρ          
 3/014.12
34.169.0 mkgg =+=ρ  
The volume of flue gases = 0.07534 /1.014 = 0.0743 m³/sec  
The velocity the exhaust gases can be calculated by using equation  
c
Ex
Ex
Ex A
mC *ρ=                                                        ……….(2.22) 
sec/31.0
4
*48.0*24.1
06955.0
2
mC Ex == π  
 3.6 Setting of the plate  
     For the bagasse to slide easily under the effect of its weight a 
proper angle must be given to the plate. This angle made slightly 
grater than the angle of repose to make the sliding of bagasse easy and 
slow. It was obtained experimentally and was found to be 36º. 
The total height of the dryer depends on the number of plates used. In 
this work three plates are used , two plates are the same dimensions 
7414 mm * 600 mm and the last one of 6882 mm * 600 mm.The plates 
are welded to the inner casing , the clearance between the plates of the 
dryer is  150 mm .  
     The bagasse particle often passing through the hopper fitted at the 
top of the dryer is surrounded by the hot gases.  
     Note an extraction fan is also fitted at the top to help the flue gases 
out the rig, thus, is a steel box of square section 600mm*               
600mm and 225mm height. The box is insulated to reduce the heat          
losses to the surrounding. A hopper and an extraction fan are fitted at 
the top .The rig is supplied with hot gases from a diesel engine by a 
flexible pipe.   
The forces acting on the particle are. 
a- its awn weight mg.  
b- Impact of the gases moving up.  
      The particle descends vertically until it touches the hot metal 
surface of the upper inclined plate. The particle then slide down the 
surface being in contact with a hot surface and surrounded by the hot 
gases. Evaporation continues until the particle reaches the end of the 
plate then it falls vertically down to the next plate and so forth  up to 
the last plate and the out of the dryer . 
    The indication of the plates was made slightly higher than that 
needed for uniform motion. 
  
3.7 Descending of Bagasse Down the plate :- ( Coefficient of friction )  
 
       N     
                W µ                                                      
          
   W   
  
  Wsinθ           
                W cosθ            
               θ    
            
Figure (3.1) Descending of Bagasse Down the plate 
 
The component of the weight of bagasse down the plate =Wsinθ   
N = µWcosθ up the plate . µ the force of friction  
 Resistance due to gas pressure also up the plate. 
The bagasse moving down the plane under the action of the 
resultant force.  
 Resultant force = Winθ - µWcosθ = W(sinθ-µ cosθ)     …..(3.23)   
Where:   
µ = coefficient of friction  
 W = weight of bagasse particle  
     θ = angle of inclination of the plate. 
The resistance due to gas is ignored.   
   This resultant should be closed to zero to ensure almost uniform 
motion to prolong the time of contact between the bagasse and the hot 
surfaces and hot gases  
3.8 Manufacture rig  
  
     The rig manufactured in Mechanical Engineering Workshop, The rig 
consists of five parts. Two parts takes the form of conical shapes, one part 
of height 200mm, large end is 600mm and small end is 300mm, and an 
anther part of height 10mm, large end 300mm and the small end is 0.15m, 
 an exhaust fan was housed in this part. The remaining three parts takes 
rectangular duct shapes of square section 600mm*600mm and 750mm 
height. these rectangular shapes involves of the main parts (plates, hopper 
to inlet of wet bagasse , door to exit dry bagasse , inlet to the hot gases 
and inlet of the thermometers to measure of the temperatures a long the 
dryer ). Each plate is manufactured separately and welded in the inner 
casing. The outer casing and the plates made of the stainless steel of 3mm 
thickness. 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 
  
  
   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
Fig (3.2) component  
 
 
 
 
 
 
  
 
 
 
 
  
  
  
 
 
 
 
  
  
  
 
 
CHAPTER FOUR 
 
TESTING OF THE DRYER  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
 4.1      Testing procedure   
  
    The bagasse used in testing was brought from Assalaya Cane Sugar 
Factory. Eventually, for testing, the bagasse did not contain the average 
moisture content, and this value had to be readjusted to be realistic. For 
this reason before testing the moisture content of the available bagasse we 
tested for moisture content and for about 50 kgs of the wet bagasse was 
tested, the difference in moisture was calculated and was found of (6%) 
and water has sprayed into the weighed bagasse and the mixture was 
carefully mixed, heaped on a plastic sheet and covered and left over the 
night to have almost even moisture distribution. The next day a sample of 
this wetted bagasse was tested for its moisture content before starting the 
testing.     
4.1.1   Evaluation of moisture content  
    An electric oven was used, A sample of the wet bagasse was put in a 
crucible and weight, the crucible then was put in the oven and the oven 
temperature was adjusted to 130 ºc (the standard temperature for testing 
humidity of the bagasse) [18] , it was left in the over for about 40 minutes 
was brought out and weighted again , the difference in weight is the size 
of moisture evaporated . The sample was retained to the oven an left for a 
while and then weighted again. This procedure is repeated until the 
sample was dry. The moisture content was calculated and was taken as 
the initial moisture content.  
   The moisture content 100*
1
21 ⎟⎟⎠
⎞
⎜⎜⎝
⎛ −=
w
ww       ……….(4.1) 
4.2 Experimental Rig 
     The Perkins diesel engine was started and the speed and load are   
adjusted to that the temperature of exhaust of 300 ºC. The exhaust gases 
passed through the apparatus and the system was left to reach a steady 
state. This stated is indicated by the readings of 3 mercury in glass 
 thermometers fitted at equal intervals along the height of the rig. when a 
steady state was maintained the rate bagasse feeding according to the size 
of the exhaust gases of (0.0193 kg /sec) as explained in item (3.4) .The 
feeding continued at the uniform rate until the reading of the 3 
thermometers indicated a steady state, when a steady state was 
maintained a sample of the dried bagasse was put in the crucible and 
weight and put in the electric oven. The moisture content in this sample 
was calculated as was explorer and the degree of dryness was calculated.  
   During the test for dryness, the feeding continued and a second, third 
and up to seven samples were examined for their moisture content. 
   4.3 Testing Rig   
      The components of the testing rig are of  
Outer casing  
 Plates inclined  
Engine to supply the hot gases. 
Pipe leading the hot gases from engine to model  
 Exhaust fan. 
4.3 Observations  
The observations of testing shows in Table (4.1)  
Table (4.1) Observations 
EXP 
No  
1w  2w  3w  4w  
1  34  16.20  25.60  15.70  
2  53  25.63  46.90  28.8  
3  68  32.94  16.10  9.96  
4  25  12.29  55.35  34.23  
5  47  23.28  61.80  38.40  
6  78  38.45  36.30  22.64  
7  40  20.40  28.70  18.12  
 
Where : 
1w  = Weight of wet bagasse before inlet the oven 
2w  = Weight of  dried bagasse after removed from the oven    
 3w   = Weight of the sample at outlet the dryer  
4w   =Weight of the sample after removed from the oven 
4.5 Results  
The results of testing shows in Table (4.2)  
Table (4.2) Results 
EXP 
No  
ω 1  
  
ω 2 
  
ω r 
  
λ  
1  52.35  38.67  26.14  73.86  
2  51.64  38.59  25.27  74.73  
3  51.56  38.14  26.30  73.70  
4  50.84  38.15  24.96  75.04  
5  50.46  37.86  24.99  75.01  
6  50.71  37.63  25.79  74.21  
7  49.0  36.87  24.76  75.24  
  
Where:-  
                                                                                                                      
                                           ………….(4.2)       
1
21
1 w
ww −=ω  
ω 1   =  Moisture of wet bagasse  content  after removing from  oven  
                              ………….(4.3)                                    
3
43
2 w
ww −=ω  
ω 2  =  Moisture of sample bagasse content  after removing from oven                   
                               …………(4.4)                       
1
21
ω
ωωω −=r  
ωr =  Relative moisture content    
  
λ  ( ) 100*100 rω−=                                            …………..(4.5) 
λ    = Dryness    
The maximum value of dryness obtained was 75.24 %. 
  
  
  
  
 
   
 
 Plate (4.1) Final shape and insulation of the dryer model 
 
 
 
 
 
 
 
 
 
 
 
  
   
 
Plate (4.2) Engine test  
  
  
 
 
 
 
 
  
 
 
 
 
 
 
 
  
  
Plate (4.3) Dyn 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
CHAPTER FIVE 
 
AN ECONOMIC EVALUATION 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 5.1 Economic Analysis 
    In any engineering business, when considering the addition of a new 
unit to the existing system, one has to consider the total cost of the new 
unit and the financial gain and the number of years for the return of the 
paid money. For instance, if a cane sugar factory considers installing a 
bagasse dryer, the management of the factory has to ensure that the 
project is economically feasible. Besides the improvements in the 
performance of the factory , the cost of the dryer, material, manufacture , 
erection and changes in the old system to fit with the new system . The 
main pay back in the saving in fuel and the reflection of this the 
expenditure of the factory. For a cane sugar factory like Assalaya, which, 
is consuming 86% of the bagasse produced in the crop season and 
remaining bagasse used for starting a new season , and any saving in the 
fuel consumption results in a decrease in the furnace oil to be purchased . 
Any reduction in the size of furnace oil this means a reduction in the 
expenditure i.e. an increase in the net income. The results of the 
investment carried out in this research show that more than 60% of the 
moisture content of the wet bagasse could be removed by using the heat 
energy in the boilers flue gases .That is estimating the saving of fuel 
yearly consumption according to the dryness obtained. 
     The simplest method of evaluating the economic feasibility of bagasse 
dryer installation in sugar cane factories is by comparing directly the 
saving of fuel in bounds to the initial cost of installation,  to determine the 
study is economically attractive or not. The procedure used to evaluate 
the economic feasibility of the bagasse dryer system investment in this 
particular case is summarized on estimate the saving of fuel in pounds 
according to the dryness obtained.                                                                                           
    The attractiveness of bagasse dryer system investment is evaluated by 
comparing the use of bagasse as wet and bagasse as dried by saving in 
 fuel and by comparing directly the saving of fuel in bounds to the initial 
cost of installation.                                                             
5.2 Estimation of the saving of bagasse  
     Assalaya boilers performance data is given below: 
- Actual steam production    = 154000 kg/hr 
- Bagasse consumption        = 83948 kg /hr 
- Bagasse moisture content = 50 % 
- Number of crushing days / season =183 days  
Saving in bagasse per hour = 
Boiler bagasse consumption * moisture content * degree of dryness 
obtained 
Saving in bagasse per hour =  
83948 *10-3 * 0.5 * 0.7524 = 31.58 tonne  
Saving in bagasse per day = saving in bagasse per hour *24 
= 31.58*24 = 758 tonne 
Saving in bagasse per season  
= Saving in bagasse per day* Working days  
= 758 * 183 =138 714   tonne  
                                       
    From item (2.2.3), the heat energy in one tone of mill run bagasse of 
50% moisture is equivalent to the heat energy yield 0.18 tonne of fuel oil.  
Saving in fuel per crop season  
= Saving in fuel per crop season * 0.18 
=138714 *0.18 = 24969 tonne 
Saving in fuel in pounds  
 = No. of tonne saved * price per Tonne                                           
= 24969 tonne * 376.5  pounds / tonne = 9,400,829 Sudanese pounds / 
year   
Saving in fuel in pounds yearly = 9,400,829 Sudanese pounds   
        And if this same rate of saving is applied to all five Sugar Cane 
Factories working in Sudan, for the actual bagasse consumption in [2006 
– 2007] crop season in table (1.1) 
The total bagasse produced =   28.319*105 tonne 
The Assalaya bagasse produced = 4.268*105 tonne   
Saving in fuel in pounds =  
  total bagasse produced * saved bagasse in Assalaya   
                   Assalaya bagasse produced  
 
Saving in fuel in pounds = 
 28.319 *105* 9,400,829 =     62,376,303 Sudanese pounds / year   
 4.268*105   
    The cost of equipment for bagasse drying was estimated to be 
21,450,000 Sudanese pounds, interest rate of 15 %, assume life time of 15 
year and salvage value of 5,000,000 Sudanese pounds. 
The attractiveness of bagasse dryer system investment is evaluated by 
comparing between the annual initial cost and the annual saving of fuel. 
The annual cost (A) is calculated as: 
1- With salvage value   
A = P+[(P–salvage value)(A/P,i,n)]- salvage value * i   ..… (5.1)[20]   
Where :  
A = Annual cost.  
P = Initial cost   . 
(A/P , i , n ) = Capital recovery factor. 
i = Interest rate. 
n = Live time. 
From Appendix B, table B.16 Continuous Compounding, i =15 % the 
capital recovery factor (A/P, i, n) = 0.1808 and substituting in equation 
(5.1). 
 A = 21,450,000 + [(21,450,000 -5000000)( 0.1808 )]-5000000* 0.15 = 
34,037,660 Sudanese Pounds . 
Table (5.1) shown the comparison between the annual initial cost and the 
annual saving of fuel with salvage value  
Table (5.1) comparison costs and saving with salvage value   
Annual initial cost   Annual saving fuel Year 
34,037,660 9,400,829 1 
34,037,660 9,400,829 2 
34,037,660 9,400,829 3 
34,037,660 9,400,829 4 
34,037,660 9,400,829 5 
34,037,660 9,400,829 6 
34,037,660 9,400,829 7 
34,037,660 9,400,829 8 
34,037,660 9,400,829 9 
34,037,660 9,400,829 10 
34,037,660 9,400,829 11 
34,037,660 9,400,829 12 
34,037,660 9,400,829 13 
34,037,660 9,400,829 14 
34,037,660 9,400,829 15 
51,056,4900 141,012,435 Total 
 
2 – Without salvage value:   
A = P (A / P, i, n)                                                ……….. (5.2) [20] 
A = 21,450,000(0.8108) = 3,878,160 Sudanese Pounds  
Table (5.2) shown the comparison between the annual initial cost and the 
annual saving of fuel without salvage value   
 
 
  
 Table (5.2) comparison costs and saving without salvage value   
Annual initial cost   Annual saving fuel Year 
3,878,160 9,400,829 1 
3,878,160 9,400,829 2 
3,878,160 9,400,829 3 
3,878,160 9,400,829 4 
3,878,160 9,400,829 5 
3,878,160 9,400,829 6 
3,878,160 9,400,829 7 
3,878,160 9,400,829 8 
3,878,160 9,400,829 9 
3,878,160 9,400,829 10 
3,878,160 9,400,829 11 
3,878,160 9,400,829 12 
3,878,160 9,400,829 13 
3,878,160 9,400,829 14 
3,878,160 9,400,829 15 
58,172,400 141,012,435 Total 
 
There for bagasse dryer system investment is attractive.  
  
  
  
  
  
  
  
  
  
  
  
  
  
   
  
  
  
  
  
  
  
  
  
  
  
  
  
CHAPTER SIX 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
 
 
 
 
  
  
  
  
  
  
  
  
  
  
  
  
 
 6.1 Conclusions 
     Day after day the price of traditional fuels increase and became 
beyond the capacity of several nations. Most countries, even the rich 
ones, turn their attention not only to use renewable energy but also to try 
to use energy efficiently. 
    Sugar Cane factories, normally, produce bagasse more than needed for 
raising steam in their boilers for electric power production and for 
processing. These factories use their bagasse leaving the last mills, with 
moisture 50 % and this bagasse must become dry before being fed to the 
boilers. 
    In this project, a vertical stationary dryer was designer, manufactured 
and tested for using the exhaust gas of a diesel engine  to partially dry the 
bagasse . 
    A dryness of about 75.24 % was reached and the saving in bagasse 
consumption is estimated in Assalaya factory only , by 249 69 tonnes 
evaluated at 9 .4 million Sudanese pound per year.   
 
6.2 Recommendations for future work  
    In this project the exhaust gases of a diesel engine was used to 
dry the bagasse. To obtain a true value of dryness the model 
should be designed to operate in a factory to obtain realistic 
answers.   
 
   
            
              
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Appendix (1) 
 
Technical data of the Clarke Chapman water tube boiler with rotary 
spreader stoker [15,16]     
 1- Fuel in use :- 
 
6.86 kg /sec - Bagasse consumption at maximum rate                
50% - Bagasse moisture                                                   
1.83% - Bagasse sucrose content                                        
41868 kj / kg - H.C.V of furnace oil                                            
39774 kj/ kg - L.C.V of furnace oil                                             
 2- Steam produced 
15.56 kg / sec - Maximum rate   
13.33 kg / sec - Normal rate                                                          
24.5 bar Steam pressure                                                      
380 ºc - Steam temperature                                              
 3- Ambient conditions :- 
35 ºc - Dry bulb temperature                                            
23 ºc - Wet bulb temperature                                            
 4- Approximate gravimetric analysis of dry air[by 
mass] 
76.7% - N2                                                                            
23.3% - O2                                                                             
 5- Air supply and flue gases blowers:- 
74500 m³ /h *Forced draft fan (F.D.F) capacity                           
50 ºc - Maximum temperature of air at inlet to boiler       
245mm (W.G) - pressure of air at inlet to boiler                               
1.o37 bar(abs)   
24.29 kg / sec - Air mass flow rate                                                  
11350 m³ /hr * Secondary air fan (S.A.F) capacity                        
50 ºc - Maximum temperature of air after the fan             
245mm(W.G) - Pressure down-stream of fan                                  
3.70 kg / sec - Air mass flow rate                                                  
215000 m³ /hr * Induced draft fan (I.D.F) capacity                         
257 ºc - Maximum temperature of air after the fan             
234 mm(W.G) Maximum flue gas out let pressure                           
1.036 bar (abs)  
36.8 kg / sec   Flue gas mass flow rate                                          
1024 to 1400  ºc - Gas leaving combustion chamber                           
 6- Flue gases temperatures 
1032 to 1100  ºc - Gas inlet to super heater                                         
842 to 950 ºc - Gas leaving super heater                                       
258 to 315 ºc - Gas leaving air heater                                            
200 to 250 ºc - Gas leaving the chimney                                        
35 to 40 ºc - Air to air heater                                                     
207  ºc - Air leaving the air heater                                        
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